The water, nitrogen, and electrolyte content of the normal canine myocardium partitioned as right ventricle, septum, and left ventricle are presented on a connective tissue-free basis as well as fat-free and blood-free. Considering the tissue on a fat-free, blood-free, connective tissue-free basis, the extracellular phase (expressed as g/kg heart muscle) of the left ventricle was 86% that of the right ventricle; that of the septum was 9135 that of the right ventricle. In all three segments, cell water was constant at 77%. One kilogram of myocardial cells contains 29.7 g of noncollagenous protein nitrogen, 116 mEq of potassium, 26 mEq of magnesium, and is associated with 0.3 (septum and left ventricle) and 0.53 (right ventricle) mEq of calcium.
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• To evaluate the function of either a normal or an abnormal organ it is important to determine biochemical and structural quantitative relationships. Because we plan to study various forms of hypertrophy of the heart in dogs, we needed to establish certain biochemical values in normal canine hearts.
In 1957 in two studies of animals aged 71 to 124 days and 142 to 218 days, blood and total ventricular myocardium were analyzed and the water and electrolyte structures were characterized. 1 Similar studies in abnormal states were reported later. 2 '" Linzbach 4 has shown in normal hearts that, although the mass of the right ventricle is only half that of the left ventricle, it has approximately the same number of fibers and nuclei; consequently, the right ventricular fibers are thinner than the left. They are also arranged differently, with fewer fiber layers. These findings and those of Lev and Simians 5 on the architectural patterns of the ventricular myocardium make it clear that the biochemical composition of the septum and the outer walls of the right and left ventricles should be studied separately. For this reason, our future studies are to be more localized, and it has become necessary to separate the functionally different segments of the myocardium. In addition, more definite quantitative relationships have been elucidated by calculating all data on a connective tissue-free basis, as well as on the standard fat-free, blood-free basis.
This paper reports our measurements of the water, nitrogen, and electrolyte composition of the walls of the left ventricle, the right ventricle, and the interventricular septum from 8 normal dogs. From these values we have calculated the distribution of salts and water in the extracellular and intracellular phases of the fat-free (FF), blood-free (BF), and connective tissue-free (CTF) heart muscle. In addition, we have estimated the concentration of the individual substances both within and outside of the heart fibers. We have considered that the system consists of: cardiac muscle fibers and their associated water (intracellular phase); connective tissue, including capillary walls and connective tissue fibers, and the extracellular fluid in the interstices (extracellular phase); and blood serum. The neutral fat, blood, and connective tissue in the heart therefore have been considered to be diluents of the cardiac muscle fibers.
To correct for the connective tissue phase, we have considered that these connective tissue fibers and the connective tissue in the capillary walls are chemically similar to the connective tissue of tendon (which they resemble histochemically), which is probably the densest and most uniform connective tissue of the body. The assembled values for water, nitrogen and electrolyte content of dog tendon used for the estimation of the connective tissue solids in the heart muscle were taken from previous studies. 0 In 100 g of tendon solids (connective tissue solids) there are 160 g of water; 17.3 g of total nitrogen; 15.8 g of collagen nitrogen; 20.26 mEq of chloride; 22.8 mEq of sodium; 2.20 mEq of potassium; 1.94 mEq of calcium and 0.56 mEq of magnesium. The collagen nitrogen is 92$ of the total connective tissue nitrogen. We calculated the amount of connective tissue in the heart muscles and estimated the amount of water, chloride, sodium, potassium, calcium, magnesium, and nitrogen associated with these amounts of connective tissue. These estimated amounts were then subtracted from the total amount of each constituent per kilogram of fat-free, blood-free muscle. These values by diiference are expressed per kilogram of muscle. This kilogram of muscle therefore consists of heart muscle fibers plus extracellular fluid in the interstices. Henceforth we will use only the FF, BF, and CTF data in this paper.
Many workers have determined total water, nitrogen and electrolytes in heart muscle on the basis of wet heart muscle or possibly
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fat-free, blood-free muscle, but not on the basis of fat-free, blood-free, connective tissuefree muscle. No attempt will be made here to give a complete review of the literature. Hastings et al. in 1939 gave excellent data for water, chloride, Na and K values in the whole myocardium of normal adult dogs expressed on a fat-free, blood-free basis. 7 The recent literature in this field has been covered by Ussing, 8 Manery, 9 Wilde, 10 Drahota, 11 and Holland. 12 Procedures and Method* Eight dogs were maintained in metabolism cages for a number of weeks. They were anesthetized with intravenous barbiturate anesthesia (Surital), and 50 ml of blood was taken under oil from the femoral artery for serum and blood analyses. The heart was then removed, cut into three segments and each segment dropped into a plastic-covered weighing bottle. After cooling, the tissues were placed on a tile and all visible connective tissue and fat removed quickly in order to avoid water loss. The cold tissue was minced with the points of scissors and then brought to room temperature. A small wet sample of the minced tissue was weighed for vascular space determination. The weighed sample was extracted with water, the hemoglobin was converted to acid hematin and compared with the acid hematin of a volume of whole blood taken simultaneously with the heart. The remainder of the tissue was weighed into Vycor dishes in aliquots of 8 to 10 g for water, solid and neutral fat content determinations. The dried tissues were treated in detail according to directions presented in a previous paper. 13
CHEMICAL METHODS
The following were determined: for serumwater, chloride, sodium, potassium, calcium, magnesium and total nitrogen; for defibrinated blood-hematocrit, water, chloride, sodium, potassium, magnesium and total nitrogen; for heart muscle-vascular volume, fat, water, chloride, sodium, potassium, calcium, magnesium, total nitrogen and collagen nitrogen. Dry muscle powder was used for all determinations after the water and fat values had been obtained. The chemical methods were the same as reported in previous papers. 14 Perkin-Elmer Model 146 flame photometer was used to measure sodium and potassium.
Results
Table 1 presents first the data for serum and the inorganic ion concentrations in the ultrafiltrate or extracellular phase; the latter are calculated using the quantitative Donnan factors reviewed and established by Manery. 0 It then presents the values for fat-free tissues and, after correction for the vascular bed in the muscle, data for fat-free and blood-free tissues. Finally, it presents data for connective tissue-free tissue using the collagen nitrogen values as representative of the amount of connective tissue solids in the heart.
Using the data for water, solids per kilogram of FF, BF, and CTF muscle recorded in Table 1 , along with all of the other estimated constitutents, we are able to present data for the heart-muscle fibers of these three muscle walls. The validity of all of the derived estimations depends on the correctness of two proposals: (1) that water, electrolyte and nitrogen concentrations of connective tissue in the heart muscle are like those of the connective tissue in tendon; (2) that the chloride not associated with the connective tissue is confined to the extracellular water. 18 -' 6 The assembled data for the mass of the extracellular phase and intracellular water and solids for 1 kg of left and right ventricles and septum are given in Table 2 . The extracellular phase represents the ultrafiltrate in the interstices; the intracellular phase is divided into intracellular water and cell solids. In the last column, cell water is recalculated in terms of the intracellular phase. The extracellular fluid in the right ventricular wall has the largest volume.
The extracellular fluid volume of the left ventricle was 86% ± 3 of the right ventricle volume; of the septum was 913! ± 4.
Sodium, like chloride, is essentially extracellular in all of these tissues. When the measured values of sodium per kilogram of tissue are compared with the values of sodium estimated from the milliequivalents of sodium in the calculated volume of ultrafiltrate per kilogram of FF, BF, CTF tissue, we find only small differences and have labeled these ANa (Table3). Table 4 shows the calcium content of the three walls. After the calcium content of the extracellular phase was subtracted from the CircuUtio* Rismrcb, Vol. XIX, Stpttmbtr 1966 total calcium per kilogram of wall muscle, the remaining calcium is labeled ACa. This ACa must be either in the heart fibers or in the cell membranes or in both. It is interesting that the amount of ACa is the same in the left ventricle wall and the septum wall (0.30 mEq) but higher (0.53 mEq) in the right ventricle wall.
In Table 5 , the data have been converted 666 MOULDER, EICHELBERGER, RAMS, GREENBURG to units per kilogram of cardiac muscle fibers. The values for noncollagen nitrogen are also given here. The constancy of these constituents in the heart fibers of all three walls when considered in terms of FF, BF, and CTF tissue is not surprising. The noncollagen protein nitrogen represents the protein of the cells; in heart fibers, as in other soft tissues (such as skeletal muscle) and hard tissues such as cartilage, the quantity of water, potassium and magnesium is more or less proportional to the mass of protein. Since the amount of noncollagen protein nitrogen is approximately the same in each kilogram of fibers, amounts of the other constituents should be likewise. Water is 77% of the intracellular phase for all three walls; this is the same percentage of water in the intracellular phase as has been found in all soft tissues, as well as in cartilage.
